cutaneously with 1000 r administered locally to the site of injection ~ to 1 hour later. Antibody levels in the serum and in the injection site extracts of the radiated animals exceeded those of non-x-rayed controls. Finally, 2 to 10,000 r x-radiation, to just spleens of rabbits 2 days before the intravenous injection of sheep erythrocytes, enhanced the hemolysin response (3) .
The present studies were undertaken to learn more about the mechanisms by which large doses of whole body x-radiation might enhance antibody formation. To do this, we observed the effects of x-ray on responses to a variety of antigens, attempting to correlate the time of effectiveness of x-ray with events transpiring in the immune response. It has been found that not all antibody responses are equally enhanced by x-radiation and that the time after antigen administration at which x-ray has its greatest enhancing effect varies with the kind and the physical state of the antigen. In general, the most effective time of administration of x-ray appears to be related to the beginning of cellular proliferation, and detectable antibody formation and the fixation of circulating antigens in the tissues.
Materials and Methods
Albino male rabbits weighing between 2.5 and 3 kilos were used throughout this study. The responses to two antigens were studied in detail: bovine gamma globulin, Armour Pharmaceutical Co., Kankakee, Illinois, lot C-904 (BGG) and crystalline bovine plasmaalbumin, Armour Pharmaceutical Co., lots W 69102 and W 69204 (BSA). These antigens were labeled with I ~1 (I*) to aid in determining serum antigen levels (7) . Antibody was determined by quantitative preeipitin techniques (8) . I*BGG was aggregated by heat (63°C for 30 minutes) according to the method of Christian (9) in order to alter its physical form and to accelerate the antibody response.
BGG was prepared in a water-in-oil, Freund type, emulsion consisting of: 10 parts BGG in saline, 9 parts mineral oil, and 1 part arlacel C mixed in a Waring blendor.
Hemoeyanin from keyhole limpets (HC) isolated by eentrifugation at 90,000 g for 60 minutes at pH 7 (10) was employed as antigen in several experiments.
Shigdla toxin (ST) obtained through the generosity of Dr. T. N. Harris, Children's Hospital, Philadelphia, and prepared as previously described (11) was used as an antigen in one experiment.
All antigens in aqueous solution were administered intravenously. The level of circulating Ilal-labeled antigens was followed by repeated determinations of protein-bound radioactivity in the serum (7) . Bleedings for antibody were made 3 days after elimination of the labeled serum protein antigens from the circulation, 7, 9, and 13 days after the injection of ShigdIa toxin, and 7, 10, 14, 21, and 45 days after injection of hemocyanin.
Animals were given whole body x-radiation in a facility consisting of two opposing 220 kv. Picker machines, 160 cm apart, with a leuclte animal container midway between them. They were operated at 210 kv., 15 ma with an inherent filtration of 0.25 nun Cu -[-1 mm of A1 and together delivered a dose of 55 r/minute at either surface and uniformly throughout a rabbit-sized paraffin phantom placed in the animal container.
EXPERIMENTS AND RESULTS
The first experiment was designed to determine the time and dose factors for x-radiation in relation to enhancement of antibody formation to BGG.
Nine groups of rabbits were given 15 mg I*BGG intravenously and then exposed at various times to whole body x-radiation. A tenth group receiving 15 mg I*BGG only served as a control. The times and amounts of x-ray, the time of antigen elimination from the blood, and the average maximum serum antibody concentrations are shown in Table I . (Serum antibody levels 3, 5, and 7 days after elimination of antigen from the blood were compared and, almost without exception, maximum values were found on the 3rd day.) X-ray was given to different groups from 2 hours to 7 days after antigen. The doses of x-ray varied from 200 to 600 r. The time for elimination of antigen was slightly shortened for all groups x-radiated 1 day to 21~ days after injection of antigen and slightly lengthened for those x-radiated 2 hours and 3 days after antigen. There were marked differences in the amounts of antibody formed by the various groups. X-ray 2 hours after antigen had no effect on the amount of antibody formation, while increasing enhancement was seen with 400 to 600 r given 1, 2, and 21/~ days after antigen, the latter giving maximum enhancement (eight times the control values). The enhancing effect declined with radiation given 3 and 4 days after antigen and no significant effect was seen with radiation 7 days after antigen. A sizeable amount of radiation appeared essential for maximum stimulation since 200 r 21/~ days after antigen was much less effective than 400 to 600 r. The antibody formed in an x-ray enhanced response to BGG appeared to be conventional primary type antibody as far as its initial combining ratios were concerned (12) . Six of these sera with highest antibody concentrations had initial combining ratios of 3 to 5, well within the range for primary response antibody and below the range of 6 to 18 found with secondary response sera. The second experiment sought to define any relationship between dose of antigen and enhancement of antibody response by radiation. Table II compares the results obtained with doses of 1, 15, and 500 nag I*BGG followed 2 to 2~,~ days later by 500 r x-ray. In each instance, x-ray caused an enhanced antibody response most marked with the 15 mg dose.
Since an interval of 2 to 3 days between I*BGG administration and x-ray seemed to give the greatest enhancement, we wished to determine whether this 2 to 3 day interval was essential before x-ray would enhance the anti-BGG response. Previously, Taliaferro et al. (1) (2) (3) had found x-radiation 2 hours after erythrocyte antigens gave the maximum enhancement in peak antibody titre. To make I*BGG a particulate antigen and thereby perhaps have it approach the behavior of erythrocyte antigens in vivo, it was aggregated by (9) . 18 nag of this heat aggregated I*BGG were given to each of forty rabbits intravenously. These rabbits were divided into five groups of eight each. One group was a non-x-rayed control and the other four groups were x-rayed 400 r at 2 hours, and 1, 2, and 3 days after antigen, respectively. About 95 per cent of the heated I*BGG was aggregated sufficiently to be eliminated from the circulation of rabbits in all groups within a few hours. The remaining I*BGG was eliminated from the circulation at a rate with a half-life of about 1 day, until day 4 when an accelerated, immune elimination was seen in most rabbits. Complete elimination in all groups occurred within 4 to 5 days, 2 to 3 days earlier than occurred with soluble, unaggregated I*BGG. With this amount of aggregated I*BGG non-x-rayed rabbits had an average maximum serum antibody ps0 of 4 measured with unaggregated I*BGG. X-ray given 2 hours, and 1 and 2 days after aggregated I*BGG gave comparable degrees of enhancement, PS°'s of 22, 19, and 21 respectively, while x-ray 3 days after antigen was less effective, ps0 of 10. Thus, it appears that by aggregating the I*BGG the immune response, i.e. the elimination of antigen from the circulation and the time of maximum circulating antibody, was accelerated 2 to 3 days and the earliest time at which x-ray would maximally enhance the antibody response also was advanced at least 2 days.
A single attempt was made to find whether x-ray would enhance the response to BGG in Freund's adjuvant. 1 ml of water-in-oil emulsion containing 15 mg BGG was given, divided among several sites, to each of twenty rabbits. 2}6 days later, one-half of the rabbits were given 400 r whole body x-radiati0n. Antibody levels were determined 10 and 29 days after injection of antigen. 10 days after injection, the non-irradiated group had an average ps0 of 163, while the x-rayed group was 121 and at 29 days the non-irradiated group was 68 and the x-rayed group was 82, indicating relatively little effect of the x-ray on the maximum antibody concentration but showing a slower fall in antibody level in the x-rayed group. Next, we observed the effects of x-ray on the response to a large native protein antigen which is rapidly removed from the circulation, hemocyanin. Preliminary experiments using I*HC indicated that 99 per cent of this protein was eliminated from the circulation of rabbits within 6 to 12 hours and maximum serum antibody was present 21 days after injection. Twenty-eight rabbits each received 2 mg HC intravenously and were subsequently treated as follows: seven received no x-ray, seven were given 450 r 2 hours later, seven were given 450 r 1 day later, and seven were given 450 r 3 days later. All were bled 7, 10, 14, 21, and 45 days after injection of antigen. The non-radiated group had a maximum antibody ps0 of 29, the 2 hour x-ray a ps0 of 344, the 1 day x-ray a ps0 of 183, and the 3 day x-ray a ps0 of 148.
After this experience with large protein antigens and relatively prompt antibody responses we turned to a smaller antigen, BSA, which elicits a slower response being eliminated from the circulation in about 10 or more days and developing a maximum serum antibody level 3 days after antigen elimination.
As indicated on Table III , 20 mg I*BSA were given intravenously to rabbits and different groups of these rabbits were given whole body x-ray from 2 hours to 8 days later. In no group was a significant enhancement of antibody formation seen. The time of response was altered only in those groups x-radiated 2 hours and 6 days after antigen where delays of 5 and 2~ days respectively occurred.
In order to determine whether this absence of enhancement by x-ray was related to some peculiarity of the BSA per se or perhaps related to the slowly developing antibody response,, we repeated the above experiment using a small amount of passively administered rabbit anti-BSA to accelerate and make more uniform the host's antibody responses. Previous unpublished observa- tions showed that 38 mg rabbit anti-BSA protein given 2 days before 20 mg I*BSA would cause immediate elimination of about one-half the I*BSA from the circulation. The passively administered antibody accelerated but did not significantly enhance the host's antibody response so that immune elimination of antige~ was completed 7 days after antigen injection and maximum serum antibody was present 10 days after antigen injection. The results of this experiment with an accelerated anfi-BSA response are given on Table IV . X-ray given 1 day after antigen caused a threefold enhancement of antibody formation and x-ray 2~/~ days after antigen gave a fourfold enhancement. X-ray 2 hours and 4 days after antigen had little effect. Some acceleration of the responses occurred in those groups x-radiated 2 hours to 21/~ days after antigen. Again the antibody formed in the x-ray enhanced primary response to BSA had the immunochemical characteristics of primary antibody. The avidities of these anti-BSA antisera as indicated by the effect of dilution on the antigenantibody binding (13) were typical of primary antibody and far less than those found in secondary response antisera. An attempt was made to see whether x-radiation would influence the immune response to Shigella toxin. 1 ~g ST was given intravenously to twenty-eight rabbits. These rabbits were then divided into four groups of seven each and treated as follows: Group I, no x-ray; group II, 450 r 2 hours after antigen; group III, 450 r 18 hours after antigen; group IV, 450 r 2a, a/~ days after antigen. All rabbits were bled 7, 9, and 13 days after antigen for agglutinin determinations (11) . X-ray effects were minimal. The group radiated 2 hours after antigen had antibody levels in all bleedings comparable to the control group while those radiated 18 hours and 28/~ days after antigen had average antibody levels one-third and one-half, respectively, of the control group. In all groups the maximum antibody was found 7 days after injection of antigen.
Attempts were made to mimic the enhancing effects of x-ray on the anti-BGG response with other agents known to produce some of the biological effects of radiation. 6 MP in single doses of 12 mg/kg or 90 mg/kg or cortisone in single doses of 100 mg or 150 mg were given 2 to 3 days after 15 mg I*BGG. In all groups, the rate of antigen elimination was slowed and the circulating antibody response diminished in comparison with controls getting I*BGG only.
The effects of x-ray on the secondary response were studied by giving 400 to 500 r x-radiation at intervals from 2 hours to 21/~ days after secondary injections of BGG, BSA, and HC. Forty rabbits were given an initial injection of 15 mg I*BGG, another forty rabbits' were given 20 mg I*BSA, and thirty were given 10 mg HC. On the basis of the size of their primary responses, they were divided into comparable groups of ten each. 6 weeks later, the four groups of BGG rabbits received a second 15 mg injection of I*BGG, one group serving as a control and the other three radiated at 2 and 18 hours and 21~ days, respectively. At 6 weeks, the four BSA groups received a secondary injection of 20 mg I*BSA and were radiated as above. At 10 weeks the three HC groups received a second injection of 10 mg HC. One group served as a non-radiated control and the other two were x-rayed 2 hours and 1 day after antigen, respectively. In only the BGG group x-rayed at 18 hours and the HC groups x-rayed at 2 hours and 1 day was there a consistent x-ray-induced enhancement of the secondary response, and this was approximately twofold. All other x-rayed groups were comparable to, or slightly lower than, the nonradiated controls.
In spite of the failure of x-ray to greatly enhance the secondary response, the secondary responses to 15 mg BGG without x-ray 6 weeks after an x-rayenhanced primary response to 15 mg BGG are extremely large. The serum antibody levels reached in such secondary responses are within the range of those obtained in hyperimmunized rabbits intensively immunized for several months (5 to 10 mg antibody protein/ml). A similar observation has been made with the secondary response to human gamma globulin.
An experiment was carried out to determine what role, if any, the thymus might play in the postradiation recovery of the antibody forming tissues. Twenty rabbits were injected with 15 mg I*BGG and 2~ days later they were divided into three groups. Ten were completely thymectomized surgically by a sternal splitting procedurO and subjected to 450 r whole body x-radiation a few hours later. Confirmation of the completeness of the thymectomies was made by histological examination at autopsy 2 weeks after antigen injection. Five were subject to sham thymectomy, consisting of sternal splitting but no interference with the thymus, and 450 r a few hours later. Five were given 450 r only. All rabbits were maintained on daily penicillin injections throughout the rest of the experiment. Three thymectomy rabbits died 1 week after operation and the rest completely eliminated antigen within 7 to 8 days of injection. All rabbits of both sham-operated and unoperated control groups eliminated the antigen within 7 days (Table V) . The average maximum antibody p80 values were: thymectomy group, 30; sham-operated group, 33; and unoperated group, 53. All of these averages were significantly higher than the responses of intact non-x-rayed controls which were 7. However, there was considerable variability in responses of the thymectomy group. The conditions under which x-ray enhances the antibody response to BGG 1 We are indebted to Dr. John S. Najarian for performing these thymectomies.
and BSA were compared with those under which colchicine, another cytotoxic agent which acts as an adjuvant (14, 15) , produces enhancement. 1~/~ mg colchicine (Eli Lilly & Co., Indianapolis)/kg given intramuscularly to rabbits simultaneously with either 15 mg BGG or 20 mg BSA produced a five-to sevenfold enhancement of peak antibody titer and a slight acceleration of the immune response. Preliminary experiments determined that this dose appeared optimal for enhancement of antibody formation. The same dose of colchicine given either 1 day before antigen or 1, 2, or 3 days after antigen produced no significant change in the immune response and rabbits receiving colchicine 4 days after BSA had a delayed and diminished antibody response. Histologic study of the tissue changes associated with the x-ray enhancement of antibody formation was undertaken using animals receiving 15 mg BGG only, animals receiving 15 mg BGG followed 21/~ days later by 450 r whole body x-ray and animals receiving 450 r only. These rabbits were sacrificed in groups of three to four at 1 to 2 day intervals for 10 days after antigen or, for the last group, after x-ray. The administration of 15 mg of BGG only caused modest reactive and/or proliferative changes in the splenic white pulp (germinal centers and mantel layer of medium lymphocytes) 3 to 5 days after antigen and had a less clearly detectable effect in other lymphoid tissues. 450 r whole body x-ray alone produced a prompt, severe depletion of lymphoid tissue everywhere (spleen, lymph nodes, GI tract, and thymus). While quantitative histologic observations are difficult to make, it appeared that 1 day after x-ray the total number of lymphoid cells remaining was no more than one-tenth to one-fifth of the original number. The greatest proportional loss of cells occurred in the small and medium lymphocytes. Rabbits so x-rayed began to show evidences of lymphoid tissue recovery 2 to 3 days after radiation and the rate of recovery increased until 1 to 2 weeks after x-ray. Reasonably complete recovery of lymphoid organs was achieved about 3 to 4 weeks after x-ray. The early stages in recovery involved proliferation of the larger, less mature cells and later small lymphocytes again became the major cell type. In rabbits given BGG and 21/~ days later 450 r x-ray, the early destruction of lymphoid tissue was comparable to that seen after x-ray alone. However, the histologic recovery of lymphoid tissue in the antigen injected animals was much more rapid than in the animals x-rayed without antigen. 1 day after x-ray, 3~/~ days after BGG, there was already significant evidence of regeneration of lymphoid tissue with proliferation of blast cells and reticuloendothelial elements. By 3 to 5 days after x-ray, this regeneration was much greater than seen in animals x-rayed only, proliferating blast cells in large areas completely filled the previously depleted tissue framework. Many of these cells were large and bizarre and most of the cells in these proliferating zones appeared to be in about the same stage of immaturity which gave these areas a lymphomatous appearance. This excessive proliferation lasted for about a week at which time the proportion of immature cells was still larger than was found in non-radiated tissues. In both x-rayed groups the thymus showed the slowest and least complete recovery.
Fluorescent antibody staining of these antigen and x-ray treated animals revealed many anti-BGG containing immature and mature plasma cells in the spleens and lymph nodes 6 to 10 days after injection of antigen (Figs. 1 and 2) . On both fluorescent and conventional staining of sections and smears, no cytologic differences were noted between the plasma cells and antibody containing cells from these x-rayed rabbits and corresponding cells from repeatedly immunized non-radiated rabbits. Some of these antibody containing cells were scattered singly or in small groups while others formed large solid aggregates. The overall number of antibody containing cells compared favorably with the number seen in rabbits immunized intensively with BGG for several months3 DISCUSSION From the present observations, it is clear that under certain conditions whole body x-radiation in heavy, cytotoxic doses can increase and even accelerate the antibody response. This enhancement of antibody formation was best seen in primary responses to BGG (native and heat-aggregated) and hemocyanin, and to BSA when given after passively administered anti-BSA. While the mechanism by which the x-radiation operates is not known, a critical factor in producing the enhancement is the timing of the radiation. The radiation must follow the antigenic stimulus, and the optimum time varies with the kind and form of the antigen. It would appear that the more rapid the antibody response the earlier x-radiation may be given to enhance the response. With native BGG the interval between stimulus and maximum serum antibody was 10 to 11 days and x-radiation gave maximum enhancement when administered 2~ days after antigen. With heat-aggregated BGG the interval between stimulation and maximum antibody was only 7 to 8 days and x-radiation gave maximum enhancement when administered as soon as 2 hours after antigen, although comparable enhancement also could be elicited with x-ray 1 and 2 days after aggregated BGG. The long period during which x-ray could be administered and still enhance the response to aggregated BGG may be related to the lack of uniformity in the size and therefore the behavior of the aggregates. Some were very large and were promptly removed from the circulation and others were small and persisted in the circulation. Thus, x-ray given at any time during a period of 1 to 2 days might have been appropriately related to a significant part of the immune response. When the response to BSA was accelerated by administration of passive antibody to give maximum antibody levels 10 to 11 days after BSA, x-ray given 21~ days after antigen produced maximum stimulation.
With what critical events in the antibody response can the timing of effective x-radiation be correlated? In both the anti-BGG and anti-BSA responses the most effective x-radiation occurs with or just before the beginning of cellular proliferation (16) , at about the time at which detectable antibody synthesis begins and also about the time antigen begins to combine with antibody and to be rapidly removed from the circulation (17) . In the case of the antihemocyanin response the effectiveness of early x-radiation correlates with the prompt removal of hemocyanin from the circulation. In this latter situation the time of beginning antibody formation has not been determined. Whether these temporal relationships are coincidental or significant cannot yet be said. The most direct effect of x-radiation on antibody formation would appear to be its cytotoxic effect on lymphoid cells. However, the failure of 6 MP and cortisone to enhance antibody formation would suggest that particular conditions of lympholysis must prevail if enhancement is to be achieved.
The explanation of the x-ray induced enhancement of antibody formation which in our opinion best fits the present observations is as follows: (a) x-radiation given early in the immune response, probably before most of the cellular multiplication has occurred (16) , destroys the majority of lymphoid cells, leaving behind depleted lymphoid tissues. Whether those cells in the process of responding to the antigen are more or less injured by x-ray than their nonresponding morphologic counterparts cannot be said. (b) Of the remaining lymphoid cells, many of which are primitive or immature forms, presumably some are responding to antigen and some are not. Those that are responding would be expected to multiply much more rapidly than those that are unaffected by the antigen (16) . (c) The cellular proliferative response after antigenic stimulation and x-radiation together is more rapid and extensive than after either alone. During this exaggerated proliferation the rapidly dividing antigenstimulated cells can far outstrip their non-stimulated counterparts, resulting in the observed increased antibody formation and large numbers of antibody containing cells. In this scheme the x-ray serves largely to empty the lymphoid tissues at a critical time just before proliferation of the antigen stimulated cells. This depletion non-specifically encourages lymphoid repopulation, perhaps by destroying homeostatic regulators and allows the antigen-stimulated cells to overgrow their unstimulated fellows. A similar situation no doubt prevails when antigenically stimulated lymphoid cells are transferred to isologous recipients. Greater antibody responses occur in previously radiated recipients than in normal recipients.
On the basis of the single thymectomy experiment reported here it would seem that the thymus does not play a major role in the immediate postradiation recovery of the antigen stimulated lymphoid tissues in contrast to its reported role in long term post x-ray recovery (18) . In four of seven thymectomized rabbits the postradiation antibody responses appeared significantly enhanced.
Whether the failure of the other three to show enhancement was related to surgical trauma could not be determined, but that the trauma had an effect was indicated by the lesser enhancement of the sham-operated controls compared to the unoperated controls. It would seem safe to conclude that in at least some of the rabbits the postradiation lymphoid tissue recovery was, essentially, peripheral and non-thymic.
It has been suggested by others (3, 15) that cytotoxic agents such as x-ray and colchicine may enhance the antibody response by killing some cells and making their degradation products particularly nucleoprotein fragments, available to the rapidly dividing antibody forming ceils. While such an effect may occur, it does not seem likely that it can account for the enhancement of antibody formation by both x-ray and colchicine since these two agents do not appear to act similarly. Colchicine stimulates antibody formation to all antigens tested only when given simultaneously with the antigen and not when given 1 or more days later in contrast to the maximum effectiveness of x-ray when given 2 to 3 days after some antigens. Also, colchicine enhances the antibody response to BSA which x-ray is unable to do.
Another enhancer of antibody formation, bacterial endotoxin (19) , also appears to operate via different mechanisms than those operating with xradiation. In our experience, endotoxin is most potent in enhancing the antibody response when given with, or 1 day after, BGG or BSA, a timing different from x-ray; and endotoxin enhances the response to BSA which x-ray does not. While heavy doses of x-ray could allow the introduction of bacterial toxins into the animal v/a an injured gut, the difference in timing of effective endotoxin and x-ray enhancement would seem to rule out endotoxin mediation of the x-ray enhancement.
The failure of x-radiation to stimulate secondary antibody responses to BSA, BGG, hemocyanin, and the response to ST, which has many characteristics of a secondary response, was unexpected. However, prior antigenic exposure may have left enough potentially responsive cells behind so that the animal was prepared for a near maximum response upon restimulation. Radiation in this situation would no doubt destroy many of the potentially responsive cells and this deleterious effect could counterbalance any enhancing effect the radiation might have. The failure of x-ray to enhance the primary response of rabbits to BSA without passively administered antibody may be accounted for by the great variability in the temporal aspects of this response from animal to animal. X-radiation given at any single time would not be likely to affect a majority of rabbits similarly. That this may have been the case was suggested by extremely variable antibody responses in the BSA stimulated x-rayed rabbits. If the timing of x-ray is critical, it is not surprising that x-ray failed to enhance the response to BGG in Freund's adjuvant. Antigens in water-in-oil emulsions are slowly and continuously released and continuously stimulate new cells. At no time would the majority of responding cells be in the same stage of response and therefore susceptible to x-ray enhancement.
From a practical point of view, the enhancement of antibody formation by x-ray has several interesting facets. It is a convenient laboratory tool for manipulating the immune response. Currently it is used in our laboratory to obtain large amounts of primary type antibody for immunochemical and immunopathological study. In addition, it is also a useful means of obtaining hyperimmunized animals in a short period of time with little antigenic exposure. A single restimulation of an animal, 4 to 6 weeks after an x-ray enhanced primary response produces a near maximum antibody response as compared with the results of prolonged and intensive immunization by conventional means. Also, these results should serve as ~ word of caution against clinical attempts to inhibit by x-radiation the immune response of patients to antigens recently administered. X-ray has been used as a means of delaying or obliterating the homograft response of patients previously subjected to life preserving homografts. If temporal relationships such as seen here were inadvertently duplicated in the patient, stimulation, rather than a depression of the humoral component of the homograft response mighg well result. Finally, in patients where both wide spread cytotoxic effects were desired, as in the case of disseminated malignancy, plus an enhanced immune response to an administered antigen, be it tumor antigen or a potential pathogen, both results might be accomplished by a single dose of whole body x-radiation given at an appropriate interval after the administration of the antigen. If such an exposure to x-ray were then followed shortly by a bone marrow homograft the single dose of x-ray might also be expected to depress the homograft reaction to the transplanted marrow and thus serve three distinct therapeutic purposes.
SUM'MARY
Enhancement and acceleration of the antibody response can be achieved in some situations with large, cytotoxic doses of whole body x-radiation given after antigenic stimulation. The timing of radiation is critical and varies with the kind and physical form of the antigen.
It is postulated that the x-radiation depletes the cells of the lymphoid tissues just prior to the rapid proliferation of the antigen stimulated cells. In this situation those surviving cells which are stimulated by antigen multiply more rapidly than their non-stimulated counterparts and disproportionately repopulate the depleted lymphoid tissues. Whether the x-radiation produces other effects contributing to the multiplication of the antibody forming cells was not determined. 
